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Abstract
In this paper, we investigate anisotropic static spherically symmet-
ric solutions in the framework of f(G) gravity through gravitational
decoupling approach. For this purpose, we consider Krori and Barua
(known solution) isotropic interior solution for static spherically sym-
metric self-gravitating system and extend it to two types of anisotropic
solutions. We examine the physical viability of our models through
energy conditions, squared speed of sound and anisotropy parameter.
It is found that the first solution is physically viable as it fulfills the
energy bounds as well as stability criteria while the second solution
satisfies all energy bounds but is unstable at the core of the compact
star.
Keywords: Anisotropy; f(G) gravity; Gravitational decoupling; Exact so-
lutions.
PACS: 04.20.J.b; 04.40.-b; 98.80.-k; 04.50.Kd.
1 Introduction
Modified theories of gravity have secured extensive recognition after the in-
novative cosmological aspects of the expanding universe. This intriguing
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†saadia.saba86@gmail.com
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approach is considered as the most promising and optimistic to unveil the
hidden characteristics of cosmos. Nojiri and Odintsov [1] introduced modi-
fied Gauss-Bonnet gravity (or f(G) gravity) by including higher order cor-
rection terms through Gauss-Bonnet (GB) invariant. The motivation be-
hind this theory comes from string theory at low energy scales which is
expected to analyze effectively the late-time cosmic transitions. The GB
invariant is a four-dimensional topological term which is a combination of
the Ricci scalar (R), Ricci (Rαβ) and Riemann tensors (Rαβµν), given by
G = R2 − 4RαβR
αβ + RαβµνR
αβµν . This second Lovelock scalar trivially
contributes when included in matter Lagrangian but excludes spin-2 ghost
instability [2]. Bamba et al. [3] explored modified f(G) as well as f(R,G)
models with some emergent ingredients of finite-time future singularities and
investigated higher-order curvature corrections to cure these singularities.
The formulation of appropriate spherically symmetric interior solution of
self-gravitating system has always been problematic due to the presence of
nonlinearity in the field equations. A plenty of work has been done in lit-
erature to tackle this issue. Mak and Harko [4] obtained exact anisotropic
solution of the field equations and found the positively finite behavior of
density and pressure supporting the core of stellar objects. Gleiser and Dev
[5] investigated algorithm of anisotropic self-gravitating system with com-
pactness M
R
= 4
9
and obtained stable model for small measures of adiabatic
index. Sharma and Maharaj [6] explored some anisotropic spherical exact
solutions in the framework of linear combination of equation of state defin-
ing compactness of stellar objects. Kalam et al. [7] found compact models
in the context of anisotropic regime using Karori and Barua metric. Bhar
et al. [8] discussed the possibilities of existence of compact objects in higher
dimensions. Maurya et al. [9] studied anisotropic solutions of compact stars
in the presence of charge distribution.
The existence of exact interior solutions of self-gravitating systems in the
presence of anisotropy have been carried out in a number of ways. In this
regard, the minimal gravitational decoupling (MGD) approach appeared as
significantly deterministic in finding the physically viable solutions for spher-
ically symmetric stellar configuration. Ovalle [10] proposed this technique to
extract some exact solutions for compact stellar objects in the framework of
braneworld. The MGD approach is not a novel idea, indeed some ingredients
make it specifically more attractive for searching new spherically symmetric
solutions of the Einstein field equations. The main and foremost feature of
this technique is that a simple solution can be extended into more complex
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domains. This technique could be started with a simple source (T
(m)
µν ) in
which another gravitational source (T ∗µν) can be added through a coupling
constant α, i.e., T
(m)
µν → T˜
(tot)
µν = T
(m)
µν + αT ∗µν such that the spherical sym-
metry remains preserved. The reverse of this technique also works through
de-coupling of gravitationally sources. In order to find the solution of highly
non-linear field equations with complex spherically symmetric gravitational
sources, we split the source in simple components and find the solution for
each of them. This leads to as many solutions as the number of components
whose combination will yield the solution of the field equation corresponding
to the original energy-momentum tensor. This technique provides a break-
through in the search of anisotropic solutions extended from isotropic ones.
In this context, Ovalle and Linares [11] formulated an exact solution of
the field equations for spherically symmetric isotropic compact distribution
and concluded that their results present the braneworld form of Tolman-IV
solution. Casadio et al. [12] developed some exterior solutions for spherically
symmetric self-gravitating system using gravitational decoupling technique
and found naked singularity at Schwarzschild radius. Ovalle [13] decoupled
gravitational source to obtain anisotropic solutions from spherically symmet-
ric isotropic solutions. Ovalle et al. [14] extended the isotropic solution by
inclusion of anisotropy using MGD approach for static regime of stellar ob-
jects. Sharif and Sadiq [15] explored charged anisotropic spherical solution
through this approach and also examined the viability conditions, stability
criteria through squared speed of sound.
Compact stars being the relativistic massive objects (small size and ex-
tremely massive structure) possess very strong gravitational force which can
be studied in modified theories of gravity. The curiosity to know more about
compact stars brings in many researchers on the platform of modified theories
of gravity. Zubair and Abbas [16] investigated the possibilities of formula-
tion of compact star in f(R) gravity using Karori and Barua solution. Abbas
and his collaborators [17] analyzed the anisotropic compact star solution in
f(T ) gravity and examined the surface redshift, stability as well as regu-
larity conditions. Abbas et al. [18] analyzed the anisotropic compact star
in f(G) gravity and examined physical behavior of star with observational
data. Sharif and Fatima [19] explored static spherically symmetric solutions
in f(G) gravity for both isotropic and anisotropic matter distributions.
In this paper, we explore anisotropic spherically symmetric solutions us-
ing MGD approach. The paper is organized in the following format. In
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the next section, we discuss some basic terminologies of f(G) gravity and
corresponding field equations for multiple sources. Section 3 is devoted to
MGD approach and corresponding junction conditions. In section 4, we find
exact anisotropic solutions using some constraints and check their physical
behavior. Finally, we conclude our results in the last section.
2 Fluid Configuration and Field Equations
for Multiple Sources
The standard field equation for f(G) gravity are [20]
Rργ −
1
2
Rgργ = κT
(tot)
ργ , (1)
where κ is coupling constant with
T (tot)ργ = T
(m)
ργ + T
(G)
ργ + αΘργ. (2)
The energy-momentum tensor for perfect fluid configuration containing four-
velocity field, density and pressure is
T (m)ργ = (ρ+ P )UρUγ + Pgργ, (3)
and
T (G)ργ =
1
2κ
gργf(G) +
1
κ
[(4RγµR
µ
ρ − 2RRργ − 2RρµηνR
µην
γ − 4RρµηγR
µη)fG(G)
+ (4Rργ − 2Rgργ)∇
2fG(G) + 2R∇ρ∇γfG(G)
− 4Rµρ∇γ∇µfG(G)− 4R
µ
γ∇ρ∇µfG(G)
+ 4gργR
µη∇µ∇ηfG(G)− 4Rρµγη∇
µ∇ηfG(G)], (4)
where ∇2 = ∇µ∇
µ (∇µ denotes covariant derivative) is d’Alembert operator
and fG(G) represents derivative of generic function with respect to G. The
term Θργ describes an additional source coupling the gravity through con-
stant α [21] which may incorporate new fields (like scalar, vector or tensor
fields) and will produce anisotropy in self-gravitating systems.
The line element of static spherically symmetric spacetime reads
ds2 = −eη(r)dt2 + eψ(r)dr2 + r2(dθ2 + sin2 θdφ2), (5)
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where η = η(r), ψ = ψ(r) denote the function of areal radius r ranging from
core to the surface of star while Uµ = e−
η
2 δ
µ
0 for 0 < r < R. The field
equations (1) with (5) yield
κ(ρ− T
0(G)
0 − αΘ
0
0) =
1
r2
+ (
ψ′
r
−
1
r2
)e−ψ(r), (6)
κ(P + T
1(G)
1 + αΘ
1
1) = −
1
r2
+ (
η′
r
+
1
r2
)e−ψ(r), (7)
κ(P + T
2(G)
2 + αΘ
2
2) = (
η′
2r
+
η′′
2
+
η′2
4
−
η′ψ′
4
−
ψ′
2r
)e−ψ(r), (8)
where T
0(G)
0 , T
1(G)
1 and T
2(G)
2 are given in appendix A. The expression for GB
invariant takes the form
G =
2e−2ψ
r2
[(η′2 + 2η′′)(1− eψ) + η′ψ′(eψ)], (9)
where prime denotes the derivative with respect to r. The corresponding
conservation equation reads
dP
dr
+
dT
1(G)
1
dr
+ α
dΘ11
dr
+
η′
2
(ρ+ P + T
1(G)
1 − T
0(G)
0 ) +
2
r
(T
1(G)
1 − T
2(G)
2 )
+
αη′
2
(Θ11 −Θ
0
0) +
2α
r
(Θ11 −Θ
2
2) = 0. (10)
It is found that the system of non-linear differential equations ((6)-(10))
consists of seven unknown functions (ψ, η, ρ, P , Θ00, Θ
1
1, Θ
2
2). We adopt
systematic approach of Ovalle [14] to determine these unknowns. For the
system ((6)-(10)), the matter contents (effective density, effective isotropic
pressure and effective tangential pressure) can be identified as
ρ¯ = ρ− αΘ00, P¯r = P + αΘ
1
1, P¯t = P + αΘ
2
2. (11)
This clearly shows that the source Θργ can, in general, bring in anisotropy
∆¯ = P¯t − P¯r = α(Θ
2
2 −Θ
1
1) into the inner of stellar distribution.
3 Gravitational Decoupling byMGDApproach
In this section, we use MGD approach to find solution of the system ((6)-(10))
by transforming the field equations such that the source Θργ takes the form
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of effective equations which might incorporate anisotropy. Let us consider
the perfect fluid solution (ψ, η, ρ, P ) with α = 0 using line element
ds2 = −eχ(r)dt2 +
dr2
ξ(r)
+ r2(dθ2 + sin2 θdφ2), (12)
where ξ(r) = 1− 2m
r
contains the Misner-Sharp mass “m” for the fluid con-
figuration. We take the effects of source Θργ in isotropic model by encoding
the geometrical deformation undertaken by perfect fluid metric (12) as [14]
χ→ η = χ+ αf, ξ → e−ψ = ξ + αh, (13)
where f and h are geometrical deformations offered to temporal and ra-
dial metric ingredients. The possibly minimal geometric deformation among
aforementioned deformations is
f → 0, h→ h∗, (14)
where the radial metric component endures deformation while the temporal
component remains the same. Hence the minimal geometric deformation
equation (14) turns out to be
χ→ η = χ, ξ → e−ψ = ξ + αh∗, (15)
where h∗ is the deformation function associated to radial metric component.
Using Eq.(15), the system ((6)-(10)) splits up into two sets.
The first set gives
κ(ρ− T
0(G)
0 ) =
1
r2
− (
ξ′
r
+
ξ
r2
), (16)
κ(P + T
1(G)
1 ) = −
1
r2
+ (
χ′
r
+
1
r2
)ξ(r), (17)
κ(P + T
2(G)
2 ) = (
χ′
2r
+
χ′′
2
+
χ′2
4
)ξ(r) + (
χ′
4
+
1
2r
)ξ′(r), (18)
and the second one containing the source is
κΘ00 =
h∗
′
r
+
h∗
r2
, (19)
κΘ11 = h
∗(
χ′
r
+
1
r2
), (20)
6
κΘ22 = (
χ′
2r
+
χ′′
2
+
χ′2
4
)ξ(r) + (
χ′
4
+
1
2r
)ξ′(r), (21)
The above system (19)-(21) looks similar to the spherically symmetric field
equations for anisotropic fluid configuration with source Θργ (ρ = −Θ
0
0, Pr =
Θ11, Pt = Θ
2
2) corresponding to the metric
ds2 = −eχ(r)dt2 +
dr2
h∗(r)
+ r2(dθ2 + sin2 θdφ2). (22)
However, the right-hand side of system (19)-(21) deviates from the anisotropic
solution by term 1
r2
which constitutes the effective matter components as
ρ¯ = Θ0∗0 = Θ
0
0 −
1
κr2
, P¯r = Θ
1∗
1 = Θ
1
1 −
1
κr2
, P¯t = Θ
2∗
2 = Θ
2
2. (23)
The junction conditions provide smooth matching of interior and exterior
geometries at the surface of the stellar object to investigate some significant
features of their evolution. For instance, the interior spacetime geometry of
stellar distribution is obtained through MGD as
ds2 = −eη−(r)dt2 + (1−
2m¯
r
)−1dr2 + r2(dθ2 + sin2 θdφ2), (24)
where the interior mass is m¯ = m(r)− r
2
αh∗. Consider the general exterior
metric as
ds2 = −eη+(r)dt2 + eψ+(r)dr2 + r2(dθ2 + sin2 θdφ2). (25)
The continuity of the first fundamental form of matching conditions, i.e.,
[ds2]Σ = 0 (Σ is hypersurface or star’s surface (r = R)) yields
η+(R) = η−(R), 1−
2M0
R
+ αh∗(R) = eψ+(R). (26)
Similarly, the continuity of second fundamental form ([Gργt
γ ]Σ = 0, where t
γ
is a unit four-vector in radial direction) leads to
PR + α(Θ
1
1(R))
− + (T
1(G)
1 (R))
− = α(Θ11(R))
+ + (T
1(G)
1 (R))
+. (27)
Using the matching condition (26), we obtain (T
1(G)
1 (R))
− = (T
1(G)
1 (R))
+
which implies that
PR + α(Θ
1
1(R))
− = α(Θ11(R))
+, (28)
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yielding
PR +
αh∗
κ
(
η′
R
+
1
R2
) =
αf ∗
κR2
(
R
R− 2M
), (29)
where f ∗ = 0 is the outer radial geometric deformation for Schwarzschild
metric given as
ds2 = −(1 −
2m
r
)dt2 + (1−
2m
r
+ αh∗)−1dr2 + r2(dθ2 + sin2 θdφ2). (30)
The necessary and sufficient conditions for smooth matching of MGD interior
and exterior Schwarzschild metrics (filled by the field of the source Θργ) are
given by the constraints Eqs.(26)-(29). If the exterior geometric metric is
taken as the standard Schwarzschild metric (f ∗ = 0) then
P¯R = PR +
αh∗
κ
(
η′
R
+
1
R2
) = 0. (31)
In the following, we take a known isotropic spherically symmetric solution
for our systematic analysis.
4 Interior Solutions
In order to obtain anisotropic solution using MGD decoupling, it is important
to find out perfect fluid spherically symmetric solution. In particular, we
choose Krori and Barua solution for physical relevance as [22]
eη = eBr
2+C , (32)
eχ = ξ−1(r) = eAr
2
, (33)
ρ =
e−Ar
2
κr2
(eAr
2
+ 2Ar2 − 1) + T
0(G)
0 , (34)
P =
e−Ar
2
κr2
(−eAr
2
+ 2Br2 + 1)− T
1(G)
1 , (35)
where A, B and C are constants that can be derived through matching con-
ditions. The rationale for the aforementioned solution is its singularity-free
feature which satisfies physical conditions inside the spherical distribution.
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For exterior geometric configuration as Schwarzschild metric, the junction
condition yields
A = −
1
R2
ln(1−
2M0
R
), B =
M0
R2(R− 2M0)
, (36)
C = ln(
R− 2M0
R
)−
M0
R − 2M0
, (37)
with compactness M0
R
< 4
9
(M0 is the total mass). The above expressions
through the matching conditions ensure the continuity of the interior and
exterior regions at the boundary of the star which definitely will vary in the
presence of source Θργ .
Now, we evaluate anisotropic solution, i.e., α 6= 0 in the interior spher-
ical distribution. The temporal and radial metric contents are given by
Eqs.(15) and (32) whereas the geometric deformation and source are con-
nected through Eqs.(19)-(21). For this purpose, various choices can be con-
sidered such as the equation of state, some particular forms of density as
well as pressure or some physically motivated restrictions on h∗ [14, 15, 23].
In any case, we need to remain concerned with physical acceptability of the
solution. In the following, we address this problem by taking some conditions
to generate physically acceptable interior solutions.
4.1 Solution-I
Herein, we apply the constraint on source component Θ11 and solve the field
equations for deformation function h∗ and source Θργ . One can observe that
the exterior geometry of Schwarzschild metric is compatible with interior
matter configuration as long as P +T
1(G)
1 ∼ α(Θ
1
1(R))−. The simplest choice
which satisfies this crucial requirement is
αΘ11 = P + T
1(G)
1 ⇒ h
∗ = ξ −
1
1 + rη′
, (38)
where we have used Eqs.(17) and (20). Equation (38) mimics the radial
metric component as
e−ψ = (1 + α)ξ −
α
1 + 2Br2
. (39)
The interior geometric component in Eqs.(33) and (39) represent minimally
deformed Krori and Barua solution by generic anisotropic source Θργ . In the
limit α→ 0, Eq.(39) yields standard isotropic spherical solutions ((32)-(35)).
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The continuity of first fundamental form of junction conditions gives
Br2 + C = ln(1−
2M
R
), (40)
1−
2M
R
= (1 + α)ξ −
α
1 + 2BR2
, (41)
whereas the continuity of second fundamental form (P (R)+T
1(G)
1 +α(Θ
1
1(R))− =
0) reads
P (R) + T
1(G)
1 = 0⇒ A =
ln(1 + 2BR2)
R2
, (42)
where expression in (38) has been utilized. Using Eq.(41), the Schwarzschild
mass is obtained as
2M
R
=
2(1 + α)M0
R
+
α
1 + 2BR2
− α. (43)
Using this in Eq.(40), we have
BR2 + C = ln((1 + α)(1−
2M0
R
)−
α
1 + 2BR2
), (44)
where the constant C is expressed in terms of B. Equations (42)-(44) give
the necessary and sufficient conditions for smooth matching of interior and
exterior spacetimes on the surface of star. Using the mimic constraint (38),
the anisotropic solution (ρ¯, P¯r, P¯t) is given by
ρ¯ =
1
κ(r + 2Br3)2
[(1 + 2(1 + α)Ar2e−Ar
2
+ (1− α)e−Ar
2
+ κr2T
0(G)
0 )
× (1 + 4Br2(1 +Br2)) + α(1− 2Br2)], (45)
P¯r =
1
κr2
(1 + α)((2Br2 + 1)e−Ar
2
− 1 + κr2T
1(G)
1 ), (46)
P¯t =
1
κ(r + 2Br3)2
[αAr2e−Ar
2
(1 + 5Br2 + 8B2r4 + 4b3r6) +Br2e−Ar
2
× (−2(3 + α) + 3Br2(3α− 4)− 4B2r4(2 + 3α)− 4αB3r6) + αB2r4
× (3 + 2Br2)− e−Ar
2
+ (1 + κr2T
1(G)
1 )(1 + 4Br
2 + 4B2r4)], (47)
∆¯ = P¯t − P¯r =
1
κ(r + 2Br3)2
[1 + e−Ar
2
(−1− Ar2(1 + 5Br2 + 8B2r4
+ 4B3r6) +Br2(−4 − 3Br2 + 4B2r4 + 4B3r6)) +B2r4 + 4Br2
− 2B3r6 + κT
1(G)
1 r
2(1 + 4Br2 + 4B2r4)]. (48)
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4.2 Solution-II
In this case, we take another choice of mimic constraint on density for phys-
ically acceptable solution. This constraint (αΘ00 ∼ ρ− T
0(G)
0 ) implies that
h∗ =
c1
r
+ e−Ar
2
− 1, (49)
where c1 is the integration constant. By adopting the same methodology as
prescribed in solution-I, we obtain the junction conditions as
αR(e−AR
2
− 1) + αc1 + 2(M −M0) = 0, (50)
BR2 + C = ln(1−
2M0
R
+
αc1
R
+ α(e−AR
2
− 1), (51)
The anisotropic solution satisfying the above matching condition becomes
ρ¯ = (1− α)[
e−Ar
2
κr2
(eAr
2
+ 2Ar2 − 1) + T
0(G)
0 ], (52)
P¯r =
1
κr3
[2Be−Ar
2
r3(α + 1) + 2αBr2(c1 − r) + re
−Ar2(α + 1)− (1 + α)r
− T
1(G)
1 κr
3, (53)
P¯t = −
1
2κr3
[2Be−Ar
2
αr5(A−B) + 2αB2r4(r − c1)− 4Be
−Ar2r3(1 + α)
+ 4Bαr2(4r − 3c1) + 2re
−Ar2(Ar2 − 1) + 2r + αc1 + 2κr
3T
1(G)
1 ] (54)
with anisotropic parameter
∆¯ = P¯t − P¯r = −
α
2κr3
[2Be−Ar
2
r5(A−B) + 2B2r4(r − c1) + 2re
−Ar2
× (Ar2 + 1) +Bc1r
2 + 3c1 + 2r]. (55)
4.3 Graphical Analysis of Some Specific Solutions
In this section, we analyze anisotropic matter distribution prescribed by so-
lutions I and II for specific form of generic function as
f(G) = βGn, (56)
where β is constant and n > 0 [24]. In order to examine the solution-
I graphically, we use n = 2 and β = 0.25 while the constant A is taken
11
Figure 1: Plots of ρ¯ (left plot, row-1), P¯r (right plot, row-1), P¯t (left plot, row-
2) and ∆¯ (right plot, row-2) against r using M0 = 1M⊙ and R = (0.2)
−1M⊙
for solution-I.
from Eq.(42). The free parameters B and C are fixed through matching
conditions for isotropic distribution given in Eqs.(36) and (37). For compact
star, the energy density as well as radial pressure must be positive, finite and
maximum at its core, i.e., it must obey monotonically decreasing behavior
as radial component r increases. The plot of effective energy density ρ¯ is
shown in Figure 1 (left plot, row-1). It is observed that density gives the
maximum value at the interior of star and decreases gradually as r increases.
It is also found that the density increases with increase in β which presents
more dense spherical structure while it decreases with increase in decoupling
constant α. This demonstrates that the model becomes less dense in the
presence of coupling parameter.
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The radial (P¯r) and tangential pressures (P¯t) show the same pattern
against radius of stellar object while tangential pressure decreases with in-
crease in β as compared to radial (remains the same). It is seen that the
radial pressure decreases when α increases as compared to the inverse behav-
ior of tangential pressure for α. The anisotropy parameter ∆¯ gives necessary
information about anisotropy of the fluid configuration. For P¯t > P¯r, the
anisotropy parameter remains positive which shows that it is outward di-
rected while for P¯t < P¯r, it corresponds to inward directed. In our case, we
measure anisotropy outward directed scenario (Figure 1, right plot, row-2).
Moreover, the generic anisotropy remains the same for β while increases with
increase in α. It is crucial to check the viability of the resulting solutions.
For this purpose, we investigate the energy conditions which describe physi-
cally realistic matter configuration. The corresponding energy conditions are
defined as
ρ¯ ≥ 0, ρ¯+ P¯r ≥ 0, ρ¯+ P¯t ≥ 0, ρ¯− P¯r ≥ 0,
ρ¯− P¯t ≥ 0, ρ¯+ P¯r + 2P¯t ≥ 0.
These conditions are shown graphically for the derived anisotropic solu-
tion in Figure 2 which indicates the validity of all energy condition and hence
viability of the resulting anisotropic solution. For the stability analysis, we
plot the squared speed of sound as shown in Figure 3. For stability of the
solution, the condition 0 < |ν2st − ν
2
sr| < 1, must be satisfied. Figure 3 shows
|ν2st − ν
2
sr| ≤ 1 for small α but it is violated for its large value.
For analyzing physical characteristics of solution-II, we choose constants
A, B, C from the matching conditions (36) and (50)-(51) whereas free param-
eters set as c1 = −0.5, β = 1.2 and n = 3, respectively. It is observed that
the behavior of ρ¯, P¯r and P¯t against r is consistent with solution-I whereas
both the radial and tangential pressure decreases linearly with increase in
parameter α (Figure 4). The plot of these matter contents shows that as
r → 0, they attain their maximum and this, in fact, indicates the high com-
pactness of the core of the star validating that our model under analysis
is viable for the outer region of the core. Moreover, anisotropy is greater
at the surface of star than that of core which shows opposite behavior as
compared to solution-I. The plots of energy conditions (Figure 5) show that
our solution satisfies all energy bounds which suffices for the viable solution.
However, the stability condition is violated (Figure 6).
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Figure 2: Plots of energy conditions against r and β using M0 = 1M⊙ and
R = (0.2)−1M⊙ for solution-I.
14
Figure 3: Plots of |ν2st − ν
2
sr| against r and β using M0 = 1M⊙ and R =
(0.2)−1M⊙ for solution-I.
5 Concluding Remarks
Recently, the minimal gravitational decoupling approach has extensively been
used to obtain exact solutions for interior configuration of stellar distribu-
tion. In this work, we have used MGD decoupling technique in f(G) gravity
to extend interior isotropic spherical solution to anisotropic solution con-
tained in gravitational source. For this purpose, we have introduced a new
source in isotropic energy-momentum tensor constituting the field equations
for anisotropic matter distribution. We have introduced minimal geometrical
deformation in metric functions (radial metric component only). It is found
that the corresponding field equations with source can be split into two sys-
tems: one corresponds to standard field equations of f(G) gravity and other
contains the source term with deformed coefficients. These two systems ex-
press that there is a purely gravitational interaction, without direct exchange
of energies.
We have studied junction condition for smooth matching of interior and
exterior geometries for the deformed Schwarzschild spacetime. For anisotropic
solution, we have taken a known solution then extended it through the source
15
Figure 4: Plots of ρ¯ (left plot, row-1), P¯r (right plot, row-1), P¯t (left plot,
row-2) and ∆¯ (right plot, row-2) against r and α using M0 = 1M⊙ and
R = (0.3)−1M⊙ for solution-II.
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Figure 5: Plots of energy conditions against r and α using M0 = 1M⊙ and
R = (0.3)−1M⊙ for solution-II.
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Figure 6: Plots of |ν2st − ν
2
sr| against r and α using M0 = 1M⊙ and R =
(0.3)−1M⊙ for solution-II.
added in perfect fluid geometry. We have imposed constraints on the effec-
tive energy density and effective pressure which constitute solutions I and II,
respectively. For physical acceptability, we have introduced specific generic
function and examined energy conditions as well as squared speed of sound
and anisotropy parameter. We have observed that solution-I as well as
solution-II are physically acceptable and corresponds to stability of stellar
object. Finally, we would like to mention here that our results for the first
solution are consistent with those obtained in general relativity (GR) [14, 15].
It is also worth mentioning here that modified f(G) gravity provides viable
spherically symmetric solutions (as the energy conditions for both solutions
are satisfied) due to inclusion of correction terms as compared to GR in which
the second type of solutions do not meet the energy bounds [14, 15].
Appendix A
The GB corrections for the interior metric are
κT
0(G)
0 =
1
2
f(G) +
e−2ψ
2r3
[η′2(2r(9− η′ψ′r2 + 4rψ′ − 6rψ′) + r3(η′2 + ψ′2)
18
+ 4η′(4− rψ′ + r2ψ′2)) + exp(ψ)(η′(−16 + 2rψ′ − 2rη′)− 4rη′′)
+ 4rη′′(1− r2η′ψ′ + r2(1 + η′2) + 4rη′ − 2rψ′)]
df(G)
dG
− [G ′(−8
+ r3ψ′η′2 − r3ψ′η′ − 2eψrψ′ + 4r2ψ′η′ + 2r3ψ′η′′ − 4r2ψ′2 + 6rψ′
+ 8eψ) + G ′′(4r(eψ − 1) + 8r2(ψ′ − η′) + 3r3(η′ψ′ − η′2 − 2η′′))]
e−2ψ
r3
×
d2f(G)
dG2
+
2e−2ψ
r2
[r2(2η′′ − η′2 − η′ψ′) + 4r(η′ − ψ′)
− 2e−ψ(1− e−ψ)]G ′2
d3f(G)
dG3
,
κT
1(G)
1 =
1
2
f(G) +
e−2ψ
2r3
[4rη′2(1− eψ + r2η′′ − 4rψ′) + 4r2η′η′′(r(η′ − ψ′)
+ 2) + η′2(2r(1 + 2rη′ − eψ − r2η′ψ′ − 6rψ′′) + r3(η′ − ψ′))
+ 2rη′ψ′(−7 + eψ + 4rψ′)− 16ψ′(1− ψ′ − eψ)]
df(G)
dG
+
e−2ψ
2r3
[2r2η′′(−8− η′r + eη−ψrη′ − 2rψ′) + η′(4r(−7 + eψ
+ 3rψ′ − eη−ψrψ′)− r3ψ′2)]G ′
d2f(G)
dG2
−
e−2ψ
r2
[r2(2η′′ + η′2 − η′ψ′)
+ 4r(η′ − ψ′ − eψ) + 4]G ′2
d3f(G)
dG3
,
κT
2(G)
2 =
1
2
f(G) +
e−2ψ
r4
[r2η′2(5− eψ + rη′ − 2rψ′) + rη′(12− 7rψ′
+ reψψ′ − 12eψ + r2ψ′2) + 2r2η′′(1− eψ + rη′ − rψ′)− 12rψ′
− 16eψ + 8e2ψ + 12reψψ′ + 4r2ψ′2 + 8]
df(G)
dG
+
e−2ψ
2r3
[4r2η′′G ′′
+ G ′(η′(4r2 − r3ψ′2 − 8r2ψ′ + 12r) + η′2r2(rψ′ + 6) + 2r2η′′(rψ′ − 6)
− 8(eψ − 1)− 2rψ′(rψ′ + 6))]
d2f(G)
dG2
− 2
e−2ψ
r2
η′rG ′2
d3f(G)
dG3
.
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